Percutaneous quadriceps tendon pie-crusting release of extension contracture of the knee  by Liu, H.X. et al.
TP
c
H
D
A
A
K
Q
F
S
P
1
c
w
d
T
J
e
m
a
b
q
f
[
s
t
i
r
1Orthopaedics & Traumatology: Surgery & Research 100 (2014) 333–335
Available  online  at
ScienceDirect
www.sciencedirect.com
echnical  note
ercutaneous  quadriceps  tendon  pie-crusting  release  of  extension
ontracture  of  the  knee
.X.  Liu  ,  H.  Wen ∗, Y.Z.  Hu  , H.C.  Yu  , X.Y.  Pan
epartment of Orthopaedic Surgery, Second Afﬁliated Hospital of Wenzhou Medical University, 109, Xueyuanxi road, 32027 Wenzhou, China
a  r  t  i  c  l e  i  n  f  o
rticle history:
ccepted 16 December 2013
eywords:
uadriceps
lexion contracture
a  b  s  t  r  a  c  t
To release  extension  contracture  of  the  knee,  the authors  used  a minimally  invasive  technique:  percuta-
neous  quadriceps  tendon  pie-crusting  release.  Percutaneous  pie-crusting  release  was  performed  using  an
18-gauge  needle  to puncture  the  stiff  ﬁbrous  band  of the  distal and  lateral  quadriceps  tendon  under  max-
imum knee  ﬂexion.  Quadriceps  contracture  was  gradually  released  by multiple  needle  punctures.  A  knee
brace was  prescribed  for one  week  and  knee  ﬂexion  exercises  were  performed  on  the  ﬁrst  postoperativetiff knee
ie-crusting
day. This  technique  was  performed  in  seven  post-traumatic  stiff knees  and  ﬁve stiff  total  knee  arthro-
plasties.  Mean  maximum  ﬂexion  increased  from  37o preoperatively  to  50o after  arthrolysis  and  107o
after  pie-crusting.  At  a mean  follow-up  of  eight  months,  mean  maximum  ﬂexion  was  103o. There  were
no major  complications.  The  technique  of quadriceps  tendon  pie-crusting  release  is  a simple,  minimally
invasive  and  effective  treatment  for knee  extension  contracture.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Arthroﬁbrosis and extension contracture of the knee are compli-
ations of total knee arthroplasty (TKA) [1] and are also associated
ith fractures [2–4]. Quadricepsplasty is a well-known proce-
ure to improve knee ﬂexion in case of severe contracture [3].
raditional treatments such as Thompson quadricepsplasty [5],
udet quadricepsplasty [6] and their modiﬁcations [4,7] require
xtensive exposure and can result in recurrent adhesion, per-
anent extensor lag and infection. Although several modiﬁed
pproaches to quadricepsplasty [2,8] with limited exposure have
een described, most cannot avoid transverse incisions in the
uadriceps, with risk of extension lag. The pie-crusting technique
or quadriceps lengthening, reported by Dennis [1], Mont et al.
9] and Mounasamy et al. [10], could provide a minimally inva-
ive alternative to resection of the ﬁbrotic vastus intermedius and
ransection of the rectus femoris. However, no detailed data on
ts effectiveness in improving extension contracture have been
eported.∗ Corresponding author. Tel.: +86577888002802.
E-mail address: wenhongd08@163.com (H. Wen).
http://dx.doi.org/10.1016/j.otsr.2013.12.023
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.2. Technique
2.1. Surgical procedure
The procedure is performed under tourniquet. Arthrolysis of
articular adhesions is performed through a longitudinal parapatel-
lar medial incision and the tendinous tissue of the quadriceps is
separated from the anterior surface of the femur. The lateral reti-
nacular tissues are freed, ensuring that the patella can be lifted
off the femoral condyles. Extension contracture may be partially
released after arthrolysis, and maximal ﬂexion is recorded using a
goniometer.
Then, pie-crusting release is performed using an 18-gauge nee-
dle (Fig. 1). The ﬁrst puncture is usually located in the distal and
lateral part of the vastus intermedius muscle about 5 cm away from
the superior pole of the patella. A series of punctures is carried out
from medial to lateral (10–20 punctures per level) and from dis-
tal to proximal (at 1 cm intervals). The stiff ﬁbrous bands of the
quadriceps tendon, felt as hard as stone when an assistant pushes
the knee into maximum ﬂexion, are punctured percutaneously.
Needle fenestrations are directed through the skin, rectus femoris
tendon or vastus lateralis tendon and then the vastus intermedius
tendon. One skin penetration allows four or ﬁve subsequent pen-
etrations through the quadriceps. Passes through the stiff ﬁbrous
band of the tendon typically meet with resistance and produce pal-
pable and audible crepitations. The contractural tendon is gradually
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of the rectus femoris, enabling early intensive postoperative exer-
cises. Pie-crusting the quadriceps tendon signiﬁcantly improves
both post-traumatic and post-TKA knee stiffness, indicating a com-
mon  etiology for extension mechanism contracture.
Table 1
Change in maximal ﬂexion with treatment.
Mean ﬂexion
angle
Absolute gain
in ﬂexion
Relative gain
in ﬂexion
Preoperative 37 ± 11o – –ig. 1. The stiff knee was pushed into maximum ﬂexion (60o) preoperatively (A). A
as  obtained at end of procedure (C).
eleased, with the tension tendon softening under multiple needle
unctures; the knee is thus gradually bent to 100o or more.
. Postoperative management
Epidural analgesia is administered for two days and followed by
ral analgesics. A mobile hinged brace, adjusted to a range of 90o to
20o ﬂexion, is ﬁtted for one week. Flexion exercises are performed
n the ﬁrst postoperative day. Full extension and ﬂexion exercises
ithout the knee brace are encouraged one week after surgery and
ontinued for three months.
. Patients and Results
The selection criteria for quadriceps tendon pie-crusting release
ere:
failure of physical therapy and passive motion to improve knee
motion;
no bony ankylosis or malunion in case of intra-articular fracture;
no implant malpositioning in case of TKA.
Twelve patients were included: six male and six female, mean
ge 51 ± 11 years. Seven had fracture-related knee stiffness (com-
inuted femoral supracondylar fracture in three patients, patellar
racture in two and comminuted tibial plateau fracture in two). Five
ad knee stiffness following TKA, two of which were due to super-
cial infection and delayed exercise and other three were due to
ack of exercise. There was no ﬂexion contracture. The mean inter-
al between initial operation and pie-crusting release was  18 ± 4
onths.
Differences in knee ﬂexion angle were compared on paired t
est between: preoperative versus after arthrolysis; after arthroly-
is versus after pie-crusting release; and preoperative versus ﬁnallysis of adhesions and pie-crusting release were performed (B). Full ﬂexion (125o)
follow-up. Linear correlation was used to evaluate the correlation
between number of punctures and improvement in knee ﬂexion.
Mean follow-up was 8 ± 2 months. Changes in knee ﬂexion are
shown in Table 1. Eight of the 12 results were excellent and four
were good according to Judet’s criteria [6]. There was  a positive
correlation (r = 0.94) between number of punctures and improve-
ment in knee ﬂexion (Fig. 2). Three patients received more than
100 punctures: they showed 4/5 quadriceps force postoperatively,
normalizing after a three-month exercise program. There were no
other major complications, such as extensor lag, skin necrosis, deep
infection, dislocation of the patella or recurrent stiffness.
5. Discussion
Minimally invasive arthrolysis combined with percutaneous
quadriceps tendon pie-crusting release was effective. Pie-crusting
played a more important role than arthrolysis in knee ﬂexion
improvement. Mean gain in range of motion was 70◦, with sat-
isfactory clinical results and no major complications. In contrast
to other strategies with multiple complicated procedures, the pie-
crusting technique is easy and conserves the longitudinal integrityAfter arthrolysis 50 ± 10o 13 ± 3o (* vs preop.) 35%
After pie-crusting 107 ± 9o 70 ± 1o (* vs preop.) 189%
Final follow-up 103 ± 8o 66± 10o (* vs preop.) 178%
* P<0.001 (t test).
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pig. 2. Positive correlation (r = 0.94) between number of needle punctures and
mprovement in knee ﬂexion following pie-crusting procedure.
Extension contracture of the knee, resulting from scarring of
he extensor mechanism with ﬁbrosis of the vastus intermedius
nd shortening of the rectus femoris, can entail severe disabil-
ty. Traditional quadricepsplasties involve excessive exposure and
esult in delayed postoperative rehabilitation. Judet’s quadricep-
plasty [3], assessed in 10 stiff knees, provided a mean 72◦
ain in motion; three patients experienced complications: one
ematoma, one infection and one minimal extension lag. Mod-
ﬁed Thompson quadricepsplasty [4], assessed in 20 stiff knees,
rovided a mean 67.6◦ gain in motion; one patient had a deep
nfection.
Some new quadricepsplasty techniques [2,8,11] have been
escribed, using various minimally invasive approaches, but com-
lications still occurred although with low incidence. Wang [2]
[
[urgery & Research 100 (2014) 333–335 335
reported a mini-incision quadricepsplasty followed by arthroscopic
lysis, providing 88o gain in ﬂexion in 22 patients, of whom one had
extension lag and another infection. Khakharia [11] reported a lim-
ited quadricepsplasty providing 88o gain in ﬂexion in 16 patients, of
whom one had quadriceps weakness. Martin [8] reported a quadri-
cepsplasty by oblique cutting of quadriceps, providing 72o gain in
ﬂexion in 6 patients, of whom one had extension lag.
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